is assumed to result from a net inward current and it has been proposed that one of the following mechanisms might account for i t: I) a gradual decline in potassium conductante; 2) a grad ual increase in sod ium conductance; and 3) a reduction of the activity of an electrogenic sodium "pump" was present in the choline solution. The ligatures were applied while bathing the fiber for a few minutes in a g-mM calcium-Tyrode solution. The procedure was suggested by the faster healing of a cut end of heart fibers in high [Cal, (5) . Th e second ligature was applied 15-60 min after the first one. The length of the ligated segment was measured through a micrometer eyepiece and averaged I .g mm. Stimulation of rhe ligated piece (to be referred to henceforth as the fiber) was accomplished by means of two silver wires placed in close proximity.
About an hour after the second ligature, the tip of a Ling-Gerard electrode filled with 3 M KC1 was inserted in the middle of the fiber and was used to pass current.
The The experimental procedure consisted in clamping the membrane potential at the maximum diastolic value for a variable period of time. The results obtained in a spontaneously active fiber are llustrated in Fig. I l At the left upper corner of the figure, two action potentials are shown, part of which is delimited by a rectangle. This part of the action potentials is reproduced at higher magnification in the rest of the figure, together with a record of the current. The voltage record begins with the late rapid repolarization and continues with diastolic depolarization.
When the following action potential repolarized to its maximum diastolic value, the feedback circuit was closed: an inward current was recorded which progressively increased with time, whereas the membrane potential remained essentially constant.
At the end of the clamp, the membrane abruptly depolarized and generated an action potential. The same series of events was recorded in electrically driven fibers bathed in 5,4 InhI K Tyrode (Fig. 2) . In this and in the following pictures, the upper trace is a record of the current; again, only the lower part of the action potentials is shown. On the left side of Fig. 2 In 2.7 IIIM K the rate of diastolic depolarization was higher than in 5.4 (26.6 + SE 5.3 mv/sec as against 2.9 & SE 0.34 mv/sec). With respect to the current necessary to hold the level of maximum diastolic repolarization, the time constant of the current rise was lower in the lower potassium concentration : I .6 in the experiment illustrated by Fig. 3 , as against 3.8 for the same fiber in 5.4 mM K. The higher rate of diastolic depolarization and the quicker current rise may have a connnon basis, namely a quicker shift of the voltage-current curve for either potassium or sodium in 2.7 mM [KIO .
The current per millivolt of rnembranc potential that was necessary to keep the potential at the maximum diastolic level during the first IOO msec of diastole averaged 4-g X IO-~ A for [KIO = 5.4 HIM, and 2.5 X IO-~ A for [K],,, = 2.7 mM. With an average fiber length of I .g mm and an assunled diameter of 70 ,u, this corresponds to membrane resistances of 850 and 1,680 ohms cm2, the latter value being in good agreement with the figure of I ,900 ohms cm2 obtained with conventional cable analysis in [KIO = 2.7 nm (16). The feedback apparatus used in the last experiments made it possible not only to hold the membrane potential to the chosen value but also to clamp it back to the resting potential.
The latter procedure required an inward current which decreased gradually as a function of time (Fig. 4) . This makes clear why, at the end of the clamp, in absence of voltage control, the potential overshot its usual course or an action potential ensued. With the feedback circuit switched off, the square pulses would appear superimposed on the action potential.
With the feedback loop in operation, the amplifier would pass not only the current needed to hold the Inaximum diastolic potential, but extra pulses corresponding to the i njected square waves and resulti ng in periodic c ban gcs of the menlbrane potential.
Super-imposed o 11 the usual current time course, the record showed pulses, the height of which was a measure of the slope conductance.
It Fig.  5 , the resting potential in 5.4 and 2.7 111~ K was about the salne, as is usual in these solutions. When the potential was clamped to the same value, the current required in lower potassium was smaller (Fig. 5) , suggesting that the chord conductance for this ion had decreased.
The experiments illustrated in Fig. 5 allowed the study of the current time course in the resting potential region in absence of activity. The current associated with the clamp at maximum diastolic potential decreased rapidly after the initial surge, as more clearly seen in records taken at higher speed, described an initial downward concavity, and then slowly increased again (Fig. 5) . The slow increase of the current was similar to that observed during clamp in diastole. The time course of the current can be accountcjd for by a delayed voltagedependent increase followed by a time-dependent decrease of potassium conductance. L c Vultuge clump" ?'n sodium-j& solution. The qllestion arises as to whether the inward current resulting from a changing potassium conductance would also be apparent in Na-free solution.
For this to occur, the sodiulrr substitute must have a conductance of the same order of magnitude as that of the sodium ion; if the conductance were to be less, the resulting hyperpolarization would bring the resting potential closer to the potassium equilibriunr potential (E,). But as Exr is approached, the potassium current fall due to the time-dependent decrease of gK becomes less and at EIr the current will show no slow component.
In (14)). The results obtained in sodium-free solution are illustrated in Fig. 6 . In control Tyrode solution, holding the potential at the value of I~~axiz-rlal negativitv resulted in the described curl-cnt chansc. In ISa-free choline solution, the resting potential increased by 7 I~V (Fiz. 6), whereas the average increase for all preparations was from 75.6 to 81.4 ~nv. Thus, hypcrpolarization brought the resting potential fairlv close to the value of the maximum diastolic potential previouslv recorded in Tvrode solution. When the resting potential was held 6 'mv higher, the time course of the current was essentially flat (Fig.  6) . A steady-current was recorded at a potential of 86.4 That this change was due to a fall in membrane conductance was suggested by the increase of the slope resistance as a function of time. The gradual fall of the current was similar to that recorded in the presence of sodium under the same clamping conditions.
Voltage clamp durin,~ tlte /dateau. The relationship between the process of diastolic depolarization and events occurring during the plateau were explored by clamping the fiber to the value of maximum diastolic potential at various intervals after the action potential beginning. The current required to clamp an activated membrane back to its maximal diastolic level presented the following characteristics ( Fig. 7) : I) the initial surge of current decreased toward the zero value and the rate of fall was slower the earlier the clamp; 2) as the clamp was applied later during activity, the minimum of the current gradually approached zero. In five experiments of this kind, the minimum of the current strength in the course of the earliest clamp varied between 6 X IO-~ to 21 X IO-~ A;3) a current rise with a long time constant (probably underlying diastolic depolarization) was observed after the current had gone through its minimum. The rise occurred irrespective of the moment when the action potential was interrupted and proceeded at essentially the same rate. As is suggested by the voltage tracing, the feedback system did not allow an "instantaneous" clamp. A more rigorous voltage control would have resulted in a larger initial surge of current.
Also, it is clear from photographs obtained at a higher speed The membrane potential was displaced for a short time (20-30 msec) to levels progressively closer to the maximum diastolic potential, When, at the end of the clamp, the membrane potential failed to return to the plateau, the voltage at which this all-or-nothing repolarization had occurred was taken as threshold potential. This procedure was repeated at different moments during the plateau. In Fig. 8 are shown the tracings obtained, superimposed on the upstrokes of the action potential. Repolarization thresholds were -6~ when the 2o-msec pulse was applied 60 msec after the onset of activity;
-60 mv at I 20 msec; -51 mv at 180 msec; -45 mv at 240 msec; and -39 mv at 300 msec. Comparable values were found in two more experiments. A similar change of the "abolition threshold" in the course of the action potential has been reported for the squid giant axon after treatment with tetraethylammonium chloride (12) and has been computed for a uniform polarization of Purkinje fibers (I 0).
DISCUSSION
The results obtained in this study show that diastolic depolarization of Purkinje fibers is: I) a time-dependent process; and 2) due to a fall in potassium conductance. These findings are all consistent with a fall of potassium conductance over a long time course when the fiber is repolarized to and above the maximum diastolic potential.
While diastolic depolarization can be explained to sufficient extent by a decrease of gK , some of the findings tend to exclude other mechanisms.
To have a direct elect on the pacemaker potential, an electrogenic sodium pump is required to slow its activity on repolarization as a function of time. However, it would be hard to believe that the pumping rate could increase as a function of time when polarizing the fiber beyond -95 mv in 5.4 rnM K. The present position may be summarized as follows: I) a time-dependent decrease of gK appears to be the primary mechanism underlying diastolic depolarization; 2) a voltage-dependent drop of gK and, toward the threshold, a voltage-dependen t rise of ghTR speed UP depolarization; and 3) there is no evidence indicating that a time-dependent increase of sodium conductance or a time-dependent decrease of sodium extrusion are factors of a major importance underlying the pacemaker potential.
The discussion of some of the findings may be facilitated by referring to Fig. g: this is a plot of a hypothetical voltage-current relationship in the region of EK (range of diastolic depolarization).
The dashed trace represents the sodium current; traces I and 2 represent the potassium current in 5.4 and 2.7 mM K, respectively.
The K current in the two solutions increases from zero at the potassium equilibrium potential to the same value at the resting potential (point A); at the latter potential value, the Xa and K currents, Aowillg in opposite directions, have the same magnitude.
The equality of the K currents at the resting potential in 5.4 and 2.7 rnM K is obtained through a fall in K conductance in the lower potassium solution (Fig. 5) . As a result, the difference between the
